Purpose: Pilonidal sinus disease is a common condition, which mostly affects young men. While various surgical techniques have been introduced for treating intergluteal pilonidal disease (IPD), controversies still exist regarding the best surgical approach. The purpose of this study was to compare the efficiency and the short-term outcomes of Limberg flap and Karydakis flap surgeries for the treatments of patients with IPD. Methods: A total of 80 patients with IPD who had underwent either Karydakis flap (KF group: n = 37) or Limberg flap (LF group: n = 27) surgery between January 2015 and January 2016 at Imam Khomeini Hospital of Sari in the North of Iran were recruited for inclusion in this randomized, single-blind study. Results: Compared to the KF group, the LF group showed faster complete wound healing, longer duration of surgery and hospital stay, larger wound size, and shorter period of incapacity for work. The overall patient satisfaction in the LF group was significantly higher than that in the KF group. The visual analogue scale score of pain was lower in the LF group than in the KF group. Also, the overall frequency of postoperative complications was higher in the KF group than in the LF group. Recurrence was reported in one patient from the KF group. Conclusion: Given the lower rate of postoperative complications and greater cosmetic satisfaction of patients, the Limberg flap procedure should be selected, instead of the Karydakis flap procedure, as the standard technique for treating patients with IPD.
INTRODUCTION
Intergluteal pilonidal disease (IPD) is an infection of the skin and subcutaneous tissues at or near the upper part of the natal cleft of the buttocks. Although pilonidal cavities are considered pseudocysts, the sinus tracts may be epithelialized [1] . The clinical presentations are consistently variable, ranging from an asymptomatic pilonidal cavity or sinus to acute infection or chronic inflammation and drainage [2, 3] . The intergluteal cleft is the groove between the buttocks, which extends from right below the sacrum to the perineum and occurs due to the anchoring of deep skin layers overlying the coccyx to the anococcygeal raphe.
The incidence of IPD is estimated at 26 cases per 100,000 population. The mean age at IPD onset is 19 years in women and 21 years in men. Generally, men are 2 to 4 times more prone to this disease [1, 4, 5] . The risk factors for IPD include obesity, local trauma or irritation, prolonged sitting, a deep natal cleft, and positive family history [1, 2, 5] . The exact mechanism of the progress of pilonidal disease is uncertain, although hair and inflammation are recognized as contributing factors [6, 7] .
IPD normally develops in individuals with deep natal clefts. As a person sits or bends, the natal cleft stretches, damaging or breaking the hair follicles and opening a pore or pit. The pores collect debris and serve as a fertile environment for hair roots shed from the buttocks to lodge and become embedded. Cavities may contain hair, debris, and granulation tissue. Once the pore becomes infected, an acute subcutaneous abscess develops [1, 8] . Physical examination in patients with IPD indicates one or more primary pores (pits) in the midline of the natal cleft and/or a painless sinus opening cephalad and slightly lateral to the cleft. In patients with acute or chronic diseases, a tender mass, sinusdrained mucus, purulent fluid, and/or bloody fluid can be identified. Complete removal of these substances is expected to result in definitive treatment. However, in practice, pilonidal cysts can recur following an extensive surgical resection of the affected area.
The mainstay of operative management for chronic or persistent IPD is en bloc excision of the entire pilonidal sinus and epithelialized tracts, using methylene blue to identify the involved sinus tracts down to the level of the sacrococcygeal fascia [1, [9] [10] [11] . Optimal closure of the wound following excision is debated. Primary closure can be accomplished by using either midline or off-midline techniques [12, 13] , including the Z-plasty, V-Y advancement flap [14] , and rhomboid (Limberg) flap [15] techniques.
Complex reconstructive operations using flaps are typically applied for patients with an extensive disease or those unresponsive to simpler surgeries (e.g., excision and midline closure with sutures) [4] . These reconstructive strategies allow for the excision of more involved tissues and are associated with reduced tension in the healing wound. In addition, these techniques facilitate wound closure lateral to the natal cleft, an area characteristically moist, hypoxic, and bacteria-laden [16] [17] [18] . The sutured off-midline wounds take significantly less time to heal and show lower rates of surgical site infection, recurrence, and overall complications, compared to sutured midline wounds [12] .
While an off-midline approach seems optimal for closure, the optimal off-midline procedure has not yet been examined. The lateral advancing flap (modified Karydakis flap) [19] and the modified version of the rhomboid flap (Limberg flap) [20] are the two most common off-midline approaches. On the other hand, wound disruption, wound dehiscence, and complications, such as wound infection, subcutaneous fluid collection, and seroma formation, are still undetermined in the Iranian population. The aim of this study was to compare the Limberg flap and the Karydakis flap outcomes in the treatment of patients with IPD to identify the best approach for reducing health-system costs and patients' problems in Iran.
METHODS

Patients
This randomized, single-blind, clinical trial was performed during one year from January 2016 to September 2017 in Imam Khomeini Hospital (Sari, Iran), which is affiliated with Mazandaran University of Medical Sciences. The study protocol was approved by both the Institutional Review Board and the Medical Ethics Committee of Mazandaran University of Medical Sciences. All the participants and the parents of adolescent patients gave their written informed consents before the study. This clinical trial was registered in the Iranian Registry of Clinical Trials (IRCT201412-18020364N8).
The inclusion criteria were as follows: (1) patients with IPD who had been referred to Imam Khomeini Hospital and (2) whose ages ranged from 15 to 65 years. On the other hand, the exclusion criteria were (1) elderly patients with comorbid diseases, (2) scars from a previous pilonidal surgery, (3) abscess presentations, (4) diabetes mellitus, (5) immunodeficiency, (6) neurological disorders, (7) drug addiction or alcoholism, (8) American Society of Anesthesiologists physical status classification grade III-IV, (9) age < 15 years or > 65 years, and (10) orifice located more than 3 cm from the sinus center. A total of 98 patients were diagnosed with chronic IPD at the hospital through physical examination. Because 26 patients did not meet the inclusion criteria and 20 patients refused to participate in the study, they were excluded, so 52 patients were finally recruited ( Fig. 1 ). After the patients had been instructed about the clinical features of surgical procedures and written informed consents had been obtained, they were referred to the colorectal clinic for randomization. The patients were assigned to 2 groups, i.e., the Limberg flap (LF; 27 patients) and the Karydakis flap (KF; 37 patients) groups, by using a computer-based table of randomization to draw sealed envelopes randomly.
In this single-blind study, the participants were familiar with two common types of IPD surgery, but due to skin wound dressing on the back, they were not aware of their treatment. In addition, the observer, who completed the questionnaire, was not familiar with the groups. Similarly, the data analyzer did not know the study groups. However, the main researcher (surgeon) had information about the groups, and both surgical procedures were performed by the same surgeon. The safety and data monitoring committee was also informed about the study groups.
Intervention and follow-up
For all patients, surgery was performed under spinal anesthesia in the prone position. The patients on the operating table were administered antibiotic prophylaxis using intravenous cefazolin (1 g). They were placed in the jack-knife position, which allowed a better view of the operation area. Both buttocks were retracted laterally by using sticky tape. The operating site was cleaned with 10% povidone iodine solution.
Surgery was performed in the LF group, as defined by Mentes et al. [21] . A rhomboid excision was performed with the lower edge 2 cm lateral to the midline and covered the entire area where the sinus extended. Hemostasis was accomplished by using electrocautery. In order to ensure tension-free repair, the flap was re-leased at the bottom involving the gluteal fascia and was then glided medially to cover the cavity defect. A suction drain was applied to the region in all patients. The subcutaneous tissue was closed with 2 fold 2/0 polyglactin suture (Ethicon US, LLC, Cincinnati, OH, USA), and the skin was closed with a 3/0 polypropylene mattress suture (Ethicon US, LLC). The drain was removed when drainage fell below 40 mL/day.
Surgery was performed in the KF group, as described by Karydakis [22] . In this technique, an asymmetrical elliptic excision was made with the lower and upper edges located approximately 2 cm lateral to the natal cleft; all defective tissues were removed until the healthy borders had been reached. Afterwards, the medical wound edge was mobilized, and the flap was slid by suturing it to the fascia. The subcutaneous tissue was closed with 2 fold 2/0 polyglactin suture, and the skin was closed with a 3/0 polypropylene mattress suture. In all patients, a suction drain was applied to the region; it was removed when drainage fell below 40 mL/day. Data related to the patients' age, gender, operation type, operation duration, length of hospital stay, time of return to daily activities, preoperative infection (in the first week), hematoma (in the first week), seroma formation (in the first 2 to 3 weeks), and wound dehiscence (in the first 2 to 3 weeks) were collected. The visual analogue scale (VAS; 1-10 items) was used in order to assess the patients' pain and cosmetic conditions. The recurrence rate was evaluated at 6 months postsurgery. Data were collected by examining the patients during postoperative dressing in the clinic. The patients' wounds were assessed daily, as daily dressing was needed during the patients' hospital stay. The patients were then assessed weekly in the first month following discharge from the hospital and at 3 months and 6 months following discharge from the hospital. For determining cosmetic satisfaction, we asked the patients the following question: "Please describe your satisfaction with the operation scar due to pilonidal sinus disease. " Also, to assess pain, we asked the following question: "Do you feel pain while sitting on the operation site?" Please rate that pain on the VAS.
Statistical analysis and sample size
According to the following formula from a study by Bali et al. [23] , and consider a drop-out rate of 23% a sample size of 26 subjects per group provided approximately a power of 0.9 for comparing the 2 treatment groups; Statistical analysis was performed using IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). The mean and the standard deviation (SD) were measured for calculating numerical parameters while the frequency and the percentage were determined for categorical variables. In addition, the Mann-Whitney U-test was used to compare the data. For the comparison of categorical variables, cross-tabulation was used (chi-square -Fisher exact test). The results are presented as mean ± SD or proportion, as appropriate. A 2-tailed P-value of less than 0.05 was considered statistically significant.
RESULTS
From the initial sample of 80 patients enrolled in this study, 15 were excluded. The study population comprised of 65 patients, including 31 female (47.69%) and 34 male patients (52.30%). One patient was lost during follow-up due to family problems. The final analysis was performed on 27 patients in the LF group and 37 patients in the KF group. The CONSORT (consolidated standards for reporting of trials) flow diagram of patients is shown in Fig. 1 .
In the LF group, 18 out of 27 patients (66.7%) were female while in the KF group, 21 out of 37 patients (56.8%) were male. The sex distribution was not significantly different between the groups (P = 0.064).
The mean ± SD of age in the KF group (25.89 ± 9.48 years) was lower than that in the LF group (34.19 ± 10.47 years), and this difference was statistically significant (P = 0.002). The wound size (mm) was significantly larger in the LF group than in the KF group (28.11 ± 8.48 mm vs. 23.84 ± 8.44 mm), although the complete wound healing time (days) was longer in the KF group than in the LF group (11.51 ± 3.16 days vs. 9.56 ± 1.31 days). The difference in surgery durations (minutes) between the groups was significant; it was, in fact, lower in the KF group (29.15 ± 7.69 minutes vs. 23.03 ± 6.06 minutes, P < 0.001). Based on the findings, compared to the KF group, the length of hospital stay (days) in the LF group was longer (1.48 ± 0.50 days vs. 1.41 ± 0.49 days), but this difference was not significant (P = 0.540). We found that postoperative duration of incapacity for work (days) was significantly longer in the KF group than in the LF group (11.59 ± 3.44 days vs. 9.15 ± 2.52 days) (P = 0.005). Table 1 compares the study outcomes between the groups. The overall patient satisfaction in the LF group was significantly higher than it was in the KF group (8.26 ± 0.94 vs. 7.62 ± 1.32). In addition, the VAS score of pain was lower in the LF group than in the KF group (4.00 ± 0.96 vs. 4.11 ± 1.02). The median satisfaction scores were 9 (37%) and 8 (28.1%) in the LF and the KF groups, respectively (P = 0.046). The median VAS scores were 12 (44%) and 14 (37.8%) in the LF and the KF groups, respectively (P = 0.934); the maximum VAS score was 6 in both groups. Postoperative complications were more common in the KF group than in the LF group (P < 0.05). The most common postoperative complication in both groups was fluid collection. Also, fluid formation was more common in the KF group than in the LF group (3 vs. 13; P = 0.028). No hematoma, bleeding, or flap necrosis occurred in either group. Wound infection was detected in 1 patient and 3 patients from the LF and the KF groups, respectively. Also, wound dehiscence and recurrence were found in one patient from the KF group.
DISCUSSION
A pilonidal cyst or pilonidal sinus is a small skin cavity with hair in the lower back. During World War II, this disease was known as the Jeep driver's disease. It appears as a small skin orifice and does not contain many intricate hair twists in some cases. This disease is more common in the sacrococcygeal region among white adult men. The highest age range is 16-26 years, and cyst infection usually starts in early adulthood (18-40 years) [24] [25] [26] [27] . Gurer et al. [28] and Bali et al. [23] reported mean ages of 25.5 and 24 years, respectively; in those studies, 95% of the patients were male. In our study, the mean age of the patients was 29 years, and 53% of the patients were male.
Today, considering the importance of time and rapid return to work and life activities, the off-midline approach is recognized as the best surgical technique, which can lead to full recovery within 1-12 days. The ultimate goal of treatment is improved wound healing, low relapse rate, short length of hospitalization, fewer complications, and high patient satisfaction. The results of the present study showed that the mean total recovery time after surgery was 9.51 days for the Limberg flap technique and 11.51 days for the Karydakis flap technique. In similar studies, such as the one performed by Bali et al. [23] , duration of recovery was 22.12 days, and the full recovery time was 24.08 days in the Karydakis flap group.
In our study, the lengths of hospital stay in the LF and the KF groups were 1.48 ± 0.50 and 1.41 ± 0.49 days, respectively. Karaca et al. [29] reported that the lengths of hospital stay were 1.1 and 1 days for the Limberg and the Karydakis flap surgeries, respectively. In a study by Bali et al. [23] , the durations of hospital stay were 1 and 2 days in the LF and the KF groups, respectively. In addition, the durations of surgery for the Limberg and the Karydakis flap techniques were 29.25 and 22.03 minutes, respectively. In a similar study, the reported durations were, respectively, 50.14 and 42.32 minutes [30] . According to the results of several studies, the duration of Karydakis flap surgery is shorter than the duration of Limburg flap surgery (22-48 minutes vs. 29-54 minutes) [20, 23, 31] .
The mean score of postoperative pain was approximately similar in patients undergoing Limberg and Karydakis flap surgeries. In a similar study, pain was significantly lower after the Limberg flap surgery [20, 23] . The present study showed that 14.8% of patients undergoing Limberg flap surgery had at least one postoperative complication. On the other hand, complications following Karydakis flap surgery were detected in 40.85% of the patients. The recurrence rate was zero in the Limberg flap group and 2.7% in the Karydakis flap group. Bessa [20] , in a trial involving 120 patients undergoing a modified Karydakis flap surgery, reported significantly less wound dehiscence compared with patients undergoing a modified Limberg flap surgery (0 patients vs. 9 patients). Patients undergoing the modified Karydakis flap surgery showed, compared to the other group, similar total rates of complications (23% vs. 40%), wound infections (3% vs. 5%), subcutaneous fluid collection (5% vs. 0%), and hypoesthesia (10% vs. 23%). However, no significant difference in the rates of recurrence was found between patients treated with the modified Karydakis flap technique and those treated with the modified Limberg flap technique (3% vs. 2%). Additionally, Arslan et al. [32] , in a trial of 295 patients, found that patients undergoing Karydakis flap surgery had a significantly higher rate of seroma formation compared with patients undergoing Limberg flap or modified Limberg flap surgery (19.8% vs. 5.2% vs. 7.4%). In addition, patients undergoing Karydakis flap surgery had a higher rate of wound dehiscence (15.4% vs. 2.1% vs. 3.7%) and flap maceration (11.0% vs. 1.0% vs. 3.7%).
The relatively short follow-up (6 months) could be one of the limitations of this study, as in several published reports, the follow-up periods were longer than that in the present study. In conclusion, Limberg flap surgery is the standard choice for the treatment of patients with pilonidal disease. Compared to Karydakis flap surgery, it has fewer complications, faster return to work, better overall patient satisfaction, and shorter complete wound healing time.
